This paper describes an investigation of a dynamic bias factor in the A utomatic Generation Control process of a power utility. In an isolated power system such as in Newfoundland, the proper selection of the bias factor is very important since it adjusts genemtion to restore system frequency to 60 Hz. Presently, a constant factor is used that is nearly equal to the system frequencyresponse characteristic. Utilization of a dynamic value would improve the overall system regulation by following this characteristic more closely. Using simulation techniques, a model of the Newfoundland and Labrador Hydro Paversystem is implemented and tested using different control schemes for determining the dynamic bias factor.
INTRODUCTION
The existing operating conditions for the Newfoundland and Labrador Hydro (NLHJ Power System are unique for North America. The NLH power system operates isolated from the North American Interconnected Power Grid. This means there is no tie-line power interchange with other utilities. In addition, the on-line generation and the peak loads vary greatly from season to season. During the winter months when the peak load is greatest, there is a mixture of automatically-controlled hydroelectric units andmanuallytontrolled thermal units. In contrast, during the summer months, the peak load is reduced significantly and the manually-controlled thermal units are taken off line for maintenance.
In an interconnected power system, as the load vanes, the frequency and tie-line power interchange also vary. To accomplish the objective of regulating system electrical frequency error and tie-line power flow deviation to zero, a supplementary control action, that adjusts the load reference set points of selected generating units, is utilized. This control process is referred to as Automatic Generation Control (AGC). The control signal used is the Area Control Error (ACE) and consists of the tie-line flow deviation added to the frequency deviation weighted by a bias factor. For the isolated system, the tie-line power interchange is zero so that the ACE depends only on the frequency error and the bias factor [ In interconnected utilities, AGC systems use a constant bias factor nearly equal to the system frequency-response characteristic [3]. Since the ACE relies entirely on the frequency error at NLH, proper selection of the bias factor is important for frequency regulation. The current practice at NLH is to use a constant bias factor in the ACE calculation. This paper investigates the use of a dynamic bias factor that will change based on what units are on-line, the load level or some combination of these, with the goal of improving the overall frequency regulation. Computer simulations of the AGC control system are used to investigate each of the various dynamic bias factor 'control signals. It is proposed to determine an optimum control scheme based on performance parameters such as a reduction in the overall regulation, andor a decrease in time deviation.
AUTOMATIC GENERATION CONTROL
The purpose of AGC in the operation of the NLH power system is to:
(1) match system generation to the load demand; (2) adjust system frequency to 60 Hz; and (3) allocate generation economically. The basic process involved in the NLH AGC is depicted in Figure 1 [4].
The first objective is achieved by speed governor, or primary, control. T h s is local to the generating unit and adjusts the generation in response to changes in the shaft speed. The second is met using load frequency, or secondary, control. This is a remote process that originates at the Energy Control Centre, and acts on the load reference setpoints of AGC-controlled generating units using the ACE. The third objective is part of economic dispatch, or tertiary, control (EDC). Based on the individual generating unit's cost curves, each EDCcontrolled generating unit is assigned an economic setpoint, and a set of regulation and assist participation factors. These factors determine the percentage of regulation and assist ACE for each AGC-controlled generating unit, which then raisesnowers the economic setpoint accordingly.
The bias factor B of the ACE Processor is usually determined using the area's frequency-response 
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where R, is the speed regulation or droop of unit i, and D is the power system damping constant [5] . The usual practice is to annually select a bias factor based on the forecasted peak load for the coming year. If B should overestimate the frequency response characteristic, during light load periods (summer in Newfoundland) the ACE will cause unnecessary generation movement (increased regulation) and time deviation.
SIMULATION AM) RESULTS
To reduce the number of unnecessary control actions and provide better control, it is desirable that the bias factor more closely match the system frequency-response characteristic. T h s may be accomplished using a bias factor that varies either with the peak load, with the number of units on-line, the type of units on-line, or some combination of these. In modelling the power system, several assumptions were made. These included:
Actual NLH generation was used as the load change for the model input; Time Error Correction = 0; and Effects of transmission lines, transmission delays, etc. were neglected. These assumptions were necessary in order to facilitate the modelling of the power system. Three methods for the determination of the dynamic bias factor are investigated in this paper. The first method calculates the bias factor based on the number and type of generating units currently on-line and their respective NIW generations. The second method calculates the bias factor based on the current load and forecasted peak load of the day, month or season. The third method calculates the bias factor based on the number of units currently ORline, ie. when the generation configuration changes a new bias factor is calculated. Simulation output data will be compared to the base case simulation @=15 MW/O.l Hz)
to analyze the performance of each scheme.
Method # I
The first method to determine the dynamic bias factor is based on Equation (l), and uses the electrical power outputs and the speed droop factors of each unit. This gives the bias factor B as where P , is the power generation of generating unit i, f is the scheduled frequency (60 Hz), and D = 1%. For simulation of the NLH power system model using this scheme, a calculation rate of 30-minutes was utilized.
Method #2
The second method uses the annually determined static bias factor, and adjusts it based on the total system load and the forecasted annual peak load. This calculation is perfonned every 30 minutes. For calculation purposes, it is assumed that the total system load is equal to the total system generation since this quantity is readily available. So the bias factor is determined as The comection factor of the load ratios adjusts the static B to account for the changing load of the highly variable operating conditions experienced by the NLH power system throughout the year. Obviously when the load equals the year's forecasted peak load, the dynamic B will equal the static B.
Method #3
The third method is also based on Equation (1) but uses the electrical generating capacity of each generating unit in the calculation and only recalculates the bias factor when the system on-line generator configuration changes. The generating capacity is used because at the change of system generator configuration, the unit coming on-line or going off-line has zero generation. Hence the actual unit generation would have negligible effect on the bias factor calculation. The resulting bias factor calculation is then where U, = 1 (0) when generating unit i is on-line (offline), Pi is the power generating capacity of unit i, f is the scheduled frequency (60 Hz). In this case, the D term is neglected since it has little effect on the overall B value.
Simulation Results Using the above three schemes, simulations were camed out using the S I M U L M model of the NLH Power System. In total, four simulations were performed for each test day: the base case using a static bias factor of 15 MWIO.1 Hz; method #l; method #2 and method #3. To measure the performance of each control scheme, the time error and unit control errors (UCE) were analyzed. The time error is representative of the "closeness" of the system frequency to 60 Hz while the UCE provides a measure of the movement of the load reference setpoint. Figure 4 shows the time errors that result for each simulation performed. Figure 3 Bias Factors (Thursday, Oct. 17,1996) As is evident from Figure 4 , method #2 provides a much better time error response than the base case, ie. less time error is accumulated. Method #3, on the other hand, shows very little improvement while method # 1 actually has an increase in the time error. Similar results were found for other 24-hour load samples (Saturday, October, 19, 1996 and Friday, April 4, 1997) . In each case, there is also a small change in the system ACE, and hence the Mean UCE Sum (Thursday, Oci increase in the total accumulated time error. The second bias factor method, on the other hand, decreases when the load increases and vice versa, resulting in a decrease in the accumulated time error with only small changes in the unit control. This is the desirable result.
CONCLUSIONS
In conclusion, it is evident from this investigation that the use of a dynamic bias factor can yield improved frequency regulation. This means that a decrease in time error is possible with only small changes in the unit control of each AGC-controlled generating unit. Simulations that use a higher static value, though, have shown to yield a decrease in the time error but a considerable increase in unit control.
Preliminary testing of the simulation model using the three dynamic bias factor schemes indcates that a possible scheme to improve the overall system regulation is a B calculation that follows the inverse of the load demand. This results in a slightly larger ACE during light load periods to help correct time error that is accumulated during the heavier load periods. UCE of each AGC-controlled generator. Figure 5 shows the mean l0-minute UCE sum for two units: Bay D'Espoir Unit 7 and Cat Arm Unit 1. The UCE sums are obtained by summing the UCE values for each unit over a 10-minute interval. For method #2, this shows that a decrease in time error does not necessarily require an increase in UCE.
Comparison of the load demand and the dynamic bias factor for method #1 suggests that this calculation attempts to follow the change in load, ie. B increases with an increase in load and vice versa. The result is an
